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ABOUT  PHOSPHATE  —  SOME  STUDIES  OF  HOW  IT  AFFECTS  OUR  WATER 


Ann  L.   Abeles ,   Assistant  Professor,   Science  Department ,   Frederick  Community  College , 
Frederick,   Maryland. 

This  classroom  project   consists   of   three  activities  concerning   the  presence  of 
phosphate  in  water.      If  you  can  obtain  one  of  the  commercially  available  kits  for 
testing  water  for  phosphate  ion,    you  may  wish  to  use   the  following  activities  in 
grades  5-12.      You  will  need  to  help  the  younger  students  with  some  of  the  back- 
ground material   and  vocabulary  and  with  some  of  the  techniques,   such  as  pipetting 
liquids  and   using  a   microscope.      Further   study  of  the  water  microogranisms  is   in- 
tended for  secondary  school   students.      These  activities  are  designed  to  give  students 
an  idea  of  how  phosphate  ion   in   water  is  measured  and  how  much  phosphate  is  present 
in  detergents  and  fertilizers,    to  demonstrate   that  soil   effectively  binds  phosphate, 
and   to  have   students  observe   the   changes  in   the  microscopic  life  in  pond  or  stream 
water  when   the  water  is  polluted  with  excess  phosphate. 

The   third  activity  in  this  series  can  lead  into  or  follow  a  study  of  how  to  use 
a  microscope,   what  sorts  of  microscopic  life  are  likely   to  be  found  in  a  pond  or 
stream,    and  how  to  identify  and    "key"    these  microorganisms .      Because   it   is   likely 
that   you  will   find  a  large   variety  of  organisms  in   the  pond  or  stream  water,    you 
should  have  some  references  with  pictures  of  algae  and  protozoans  available  for 
the  students. 

The  people  of  the  world  are  realizing  that  our  precious  supplies  of  fresh  water,  our 
streams,  and  lakes,  are  rapidly  being  polluted.  What  the  average  person  notices  is 
that  more  water  is  being  covered  by  ugly,  smelly  algal  growths,  that  fish  are  dying, 
and  that  streams  and  lakes  are  filling  with  sediment.  The  heavy  growth  of  algae 
and  the  accompanying  changes  in  the  body  of  water  are  called  eutrophication.  This 
process  occurs  because  we  are  filling  our  waters  with  waste  materials  which  are 
rich  in  nutrients  that  algae  need  for  growth.  The  algae  then  grow  and  multiply 
tremendously,  taking  up  the  nutrients  such  as  nitrogen  and  phosphorus  from  sewage. 

This  bloom  of  algae  blocks  out  sunlight  to  the  lower  layers  of  water.  When  the  algae 
die,  they  are  decomposed  by  bacteria  which  use  up  the  oxygen  in  the  water.  The  fish 
then  die  from  lack  of  oxygen;  their  decomposing  bodies  release  more  nutrients; 
more  algae  and  bacteria  grow;  and  soon  the  whole  body  of  water  is  a  boggy,  smelly 
mess.  The  body  of  water  fills  up  with  the  decaying  mass  or  organisms  and  the  silt 
from  runoff  from  the  neighboring  land. 

Some  of  these  processes  occur  normally  all  the  time.  However,  man  has  upset  the 
normal  rate  of  aging  in  bodies  of  water  with  the  huge  amounts  of  nutrient-containing 
sewage  he  puts  into  the  water  e\iery   day.  This  increased  amount  of  material  speeds 
the  eutrophication  and  death  of  our  lakes  and  streams. 

One  of  the  nutrients  thought  to  be  important  in  this  increased  eutrophication  is  the 
phosphate  ion.  In  normal,  clean  water  this  nutrient  is  present  in  a  few  parts  per 
billion  (ppb).  (4)  This  means  that  normally  there  would  be  only  a  few  grams  of 


phosphate  in  one  billion  parts,  or  1,000,000,000  milliliters  of  water.  However, 
the  sewage  waters  of  our  cities  contain  hundreds  to  thousands  of  times  that  much 
phosphate.  Consequently,  if  you  measure  the  phosphate  content  of  a  river  just 
below  a  sewage  treatment  plant,  you  will  often  find  10  to  30  ppm  (grams  per 
1,000,000  ml  water)  phosphate.  (4)  An  unnecessary  amount  of  this  is  probably 
coming  from  the  detergents  we  use. 

A  few  years  ago  detergents  were  in  the  news  because  they  were  not  degradable  by 
organisms  in  the  water  and  were  building  up  to  such  concentrations  that  the 
rivers  were  covered  with  foam.  Indeed,  foaming  water  came  out  of  the  faucets  in 
some  communities.  Now  detergents  are  "biodegradable",  which  means  they  can  be 
broken  down  by  microorganisms.  But  this  is  where  the  problem  occurs  again.  The 
degraded  detergent,  specifically  the  phosphate  in  the  detergent,  is  one  of  the 
nutrients  blamed  for  the  increased  eutrophication.  Some  cities  have  banned  phos- 
phate in  detergents.  Unfortunately,  no  good  substitute  for  phosphate  has  been 
found.  Although  phosphate-free  detergents  would  not  stop  the  eutrophication, 
they  would  be  a  good  start. 

Another  potential  source  of  phosphate  is  the  fertilizers  used  by  farmers.  The  use 
of  fertilizer  has  grown  tremendously  in  the  past  20  years.  For  instance  the 
amounts  of  nitrogen  and  phosphorus  contained  in  all  fertilizers  sold  in  the 
United  States  were,  respectively,  1.0  and  0.85  million  tons  in  1949-50;  2.8  and 
1.2  million  tons  in  1959-60;  and  6.8  and  1.9  million  tons  in  1968-69.  (3)  The 
amount  of  phosphorus  used  has  more  than  doubled  in  the  past  20  years  and  is  in- 
creasing steadily.  Although  large  quantities  of  fertilizers  are  used  every  year, 
this  phosphate  is  very  quickly  bound  up  by  the  soil  in  forms  that  are  difficult 
to  remove.  Even  phosphate  which  is  washed  off  the  fields  into  ponds  or  rivers  is 
quickly  bound  up  by  soil  particles  that  are  also  being  washed  into  the  water. 
Although  some  of  the  phosphate  may  later  be  released  to  organisms  in  the  water, 
recent  studies  indicate  that  the  runoff  of  fertilizer  phosphate  is  problably  not 
one  of  the  major  sources  of  the  phosphate  in  our  waters.  (5,6) 

Another  important  agricultural  source  of  phosphate  is  in  the  sewage  and  runoff 
from  livestock  feedlots  and  poultry  producers.  Agricultural  Research  Service  (ARS) 
scientists  are  experimenting  with  plant-soil  filters  and  better  designed  sewage  la- 
goons as  methods  of  controlling  this  waste.  (2)  Municipal  sewage  is  also  a  major 
source  of  phosphate  in  our  waters.  A  plant-soil  filter  project  is  being  tested  in 
a  pilot  plant  near  Phoenix,  Arizona.  These  plant-soil  filters  consist  of  large 
grass-covered  basins.  The  grass  uses  up  the  nutrient  materials  in  the  water.  The 
water  then  percolates  down  through  the  soil  for  further  treatment.  (1) 

The  activities  which  follow  are  designed  to  teach  a  method  for  measuring  the  amount 
of  phosphate  in  detergents  and  fertilizers.  These  experiments  measure  the  ppm  phos- 
phate (P04~3)  in  water.  Often  the  phosphate  is  measured  as  ppm  phosphorus  (P);  1 
ppm  phosphate  is  approximately  equal  to  0.33  ppm  phosphorus.  Using  this  method  one 
can  show  that  soil  can  bind  phosphate  and  remove  it  from  water.  After  adding  a 
known  amount  of  phosphate  to  some  pond  or  stream  water  one  can  observe  the  changes 
which  occur  in  the  microscopic  life  in  the  water. 

A.   MEASURING  THE  PHOSPHATE  CONTENT  OF  FERTILIZER  AND  DETERGENT  USING  A  WATER- 
TESTING  KIT 

Materials 

1  phosphate  test  kit  (LaMotte  or  Hach)  which  will  measure  10  to  50  ppm  phosphate 
500  ml  distilled  water 


one  100-ml  graduated  cylinder 

a  few  grams  of  fertilizer  or  detergent 

two  150-ml  beakers 

two  stirring  rods 

one  balance  capable  of  weighing  to  tenths  of  a  gram 

one  marking  pencil  or  labels 

one  1-ml  pipette 

two  100-ml  volumetric  flasks 

Method 

1.  Dissolve  one  gram  of  detergent  or  fertilizer  in  100  ml  distilled  water  or  dis- 
solve in  a  volumetric  flask  and  dilute  to  100  ml  with  distilled  water.  Label 
this  "first  dilution". 

2.  Pipette  one  ml  of  the  first  dilution  into  another  volumetric  flask  and  dilute 
to  100  ml  with  distilled  water,  or  put  the  one  ml  in  one  of  the  beakers  and  add 
99  ml  of  distilled  water.  Label  this  "second  dilution". 

3.  Follow  the  directions  for  phosphate  analysis  included  with  the  kit.  (If  the 
solution  is  too  concentrated,  dilute  the  second  dilution  one  to  ten.  If  the 
solution  is  too  weak,  try  measuring  the  phosphate  concentration  of  the  first 
dilution  or  a  one  to  ten  dilution  of  the  first  dilution.  Adjust  calculations 
for  these  other  dilutions.)  The  analysis  will  give  the  ppm  phosphate  in  the 
second  dilution. 

4.  Calculate  the  concentration  of  phosphate  in  the  first  dilution  and  in  the  de- 
tergent or  fertilizer  as  follows: 

a.  Since  the  second  dilution  was  made  by  diluting  the  first  1  to  100,  the 
concentration  of  phosphate  in  the  first  dilution  is  100  times  what  you 
measured  with  the  kit.  For  example,  if  you  measured  the  second  dilution 
to  be  25  ppm  phosphate,  the  first  dilution  would  be  100  times  25,  or 
2,500  ppm. 

b.  The  first  dilution  was  made  by  dissolving  1  gram  of  detergent  or  ferti- 
lizer in  100  ml  of  water,  so  again  the  concentration  of  phosphate  in 
the  fertilizer  or  detergent  is  100  times  larger  than  the  concentration 
of  the  first  dilution.  In  the  example,  the  concentration  of  phosphate 
in  the  material  would  be  100  times  2,500,  or  250,000  ppm.  This  is  the 
same  as  250,000  grams  phosphate  in  1,000,000  grams  detergent,  or  0.25 
grams  phosphate  in  1  gram  of  detergent  or  fertilizer. 

5.  If  you  have  time  and  enough  testing  materials,  determine  the  phosphate  con- 
tent of  other  detergents  and  fertilizers. 

Optional  Calculations 

1.  After  you  have  calculated  the  grams  phosphate  per  gram  of  fertilizer,  calcu- 
late how  much  phosphate  you  are  adding  to  the  soil  when  you  follow  the  di- 
rections for  diluting  the  fertilizer  for  potting  soil. 

2.  Weigh  out  the  amount  of  detergent  which  is  recommended  for  washing  a  load  of 
clothes.  Calculate  how  much  phosphate  is  present  in  that  amount  of  detergent 
(one  or  one  and  one-half  cups  or  whatever  is  recommended  on  the  label). 
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A.   USING  SOIL  TO  ABSORB  PHOSPHATE 

Materials 

300  to  500  g  dry  subsoil 

One  100-ml  graduated  cylinder 

Two  300-ml  beakers  or  2  pint  jars 

One  1-ml  pipette 

1  g  detergent  or  fertilizer 

Two  150-ml  beakers 

1  balance  for  weighing  soil  and  fertilizer 

One  10-ml  pipette 

Materials  and  method  for  measuring  phosphate 

CaCl?  (calcium  chloride) 

Distilled  water  (at  least  1  liter) 

Procedure 

1.  Weigh  150  g  of  the  dry  subsoil  and  put  it  into  one  of  the  300-ml  beakers  or  jars, 

2.  Repeat  with  another  150  grams  from  the  same  soil  sample,  and  place  in  the  other 
300-ml  beaker  or  jar. 

3.  Pour  100  ml  of  distilled  water  into  the  first  beaker  or  jar  with  soil.  Shake 
and  stir  well.  Label  "clear  water". 

4.  Prepare  a  dilute  solution  of  detergent  or  fertilizer  using  the  following  pro- 
cedure: 

a.  Dissolve  1  g  of  the  fertilizer  or  detergent  in  100  ml  distilled  water  in 
a  150-ml  beaker. 

b.  Pipette  1  ml  of  this  solution  into  the  other  150-ml  beaker  and  add  99  ml 
distilled  water.  Mix  well. 

c.  Pour  50  ml  of  this  solution  into  the  other  container  of  soil.  Add  50  ml 
of  distilled  water,  mix  well,  and  label  "phosphate  water". 

5.  If  you  are  using  a  test  kit,  analyze  some  of  the  remaining  50  ml  of  solution 
for  phosphate.  The  concentration  of  phosphate  which  you  added  to  the  soil 
will  be  one-half  of  that  which  you  measure  with  the  kit  since  you  diluted  it 
with  some  distilled  water.  For  example:  If  the  concentration  of  phosphate 
in  the  remaining  solution  is  25  ppm,  the  concentration  of  phosphate  in  the 
solution  you  added  to  the  soil  will  be  12.5  ppm.  Since  there  was  a  total 
volume  of  100  ml  or  0.1  liter  (after  you  added  the  water)  and  since  12.5  ppm 
is  the  same  as  12.5  mg/liter,  it  follows  that  you  have  added  1.25  mg  phos- 
phate to  the  soil.  (You  added  1/10  of  a  liter.) 

6.  Set  the  containers  of  soil  and  water  or  solution  aside  to  settle.  This 
should  take  one  or  two  days.   If  the  soil  doesn't  settle  out,  you  may  add 
CaClg  to  help  precipitate  the  particles.  Add  no  more  than  0.11  grams  of 
solid  CaCl2- 

7.  When  the  water  or  solution  above  the  soil  is  relatively  clear,  carefully 
pipette  out  10  ml  of  the  solution  and  analyze  for  phosphate.  There  should 
be  very   little  phosphate  in  the  sample  which  had  no  added  phosphate.  The 
amount  remaining  in  the  other  solution  will  depend  upon  the  type  of  soil 
which  you  used. 
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Questions 

1.  Did  your  soil  sample  release  a  measurable  amount  of  phosphate  into  the  clean 
water? 

2.  Did  you  find  a  measurable  amount  of  phosphate  in  the  solution  of  detergent  or 
fertilizer  which  had  been  mixed  with  the  soil  and  allowed  to  stand  a  few  days? 
Can  you  explain  this? 

A.   CHANGING  THE  BALANCE  OF  MICROSCOPIC  LIFE  IN  A  WATER  SAMPLE  WITH  ADDED 
PHOSPHATE  FROM  DETERGENT 

Materials 

1  liter  pond,  river,  lake,  or  aquarium  water  (will  be  called  "pond  water") 

Two  600-ml  beakers 

1  aquarium  pump  (or  continuous  source  of  compressed  air) 

1  "Y"  connector  for  the  tubing 

1  screw- type  tubing  clamp 

6  to  8  feet  of  clear  plastic  tubing  which  will  fit  the  pump  or  compressed  air  and 

the  Y  connector 
1  g  detergent 

One  100-ml  graduated  cylinder 
One  150-ml  beaker 

1  microscope  with  200  to  600  magnification 

Microscope  slides  and  coverglasses  (depression  slides  are  very  good) 
1  medicine  dropper 
One  1-ml  pipette 
One  5-ml  pipette 

Materials  and  method  of  phosphate  analysis 
Procedure 

1.  Dissolve  1  g  of  the  detergent  in  100  ml  distilled  water  and  proceed  as  in  the 
first  activity  to  make  dilutions  and  measure  the  concentration  of  phosphate  in 
the  detergent  (unless  you  know  the  concentration  from  the  previous  activities), 

2.  Put  500  ml  of  the  pond  water  into  each  of  the  large  beakers.  Make  sure  the 
water  is  well  mixed  before  you  divide  it. 

3.  Pipette  5  ml  of  the  solution  containing  1  g  detergent  in  100  ml  water  into 
one  of  the  beakers  of  pond  water.  Label  the  beaker. 

4.  Remove  enough  water  from  each  of  the  beakers  of  pond  water  to  analyze  them 
for  phosphate.  The  concentration  of  the  phosphate  in  the  "polluted"  water 
should  be  around  10  to  30  ppm. 

5    Cut  a  1-ft  length  of  the  clear  tubing,  and  use  it  to  connect  the  air  pump  to 
the  Y.  Put  the  screw  clamp  on  the  tubing.  Cut  the  remaining  long  piece  of 
tubing  in  half,  and  attach  the  pieces  to  the  other  arms  of  the  Y. 

6.  Bring  the  beakers  of  water,  tubing,  and  pump  over  to  a  good  source  of  light, 
such  as  a  window  or  large  fluorescent  desk  light. 

7.  Position  the  whole  assembly  so  that  you  can  run  the  free  ends  of  the  tubing 
into  each  beaker.  Turn  on  the  air  pump  and  adjust  the  air  flow  by  means  of 
the  screw  clamp  (on  the  1-ft  piece  of  tubing)  so  that  a  good  supply  of  air 
bubbles  through  both  beakers  of  water  but  does  not  disturb  the  water  too 
violently  (see  the  Figure). 
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What  are  the  effects  on  the  microscopic  life  when  pond  water  is   "polluted" 
with  detergent? 

8.  Place  one  or  two  drops  of  water  from  each  beaker  onto  separate  slides.  Cover 
the  drops  with  a  coverglass  and  examine  the  water  for  microorganisms.  If  you 
wish,  you  may  make  some  counts  of  the  number  and  kinds  visible  in  the  average 
viewing  field.  There  should  be  very  few. 

9.  Let  the  beakers  sit  with  the  air  bubbling  through  for  several  days.  Make  a 
microscopic  examination  of  the  water  in  both  beakers  each  day  and  record  any 
changes.  Usually  there  will  be  a  "bloom"  of  microorganisms,  algae,  after 
about  three  days.  , 

10.  Each  day  you  should  add  a  little  clean,  not  chlorinated,  water  in  order  to 
maintain  the  same  volume  in  each  beaker.  Do  not  add  more  than  about  20  ml 
each  day.  If  there  is  too  much  evaporation,  cover  the  beakers  loosely  with 
plastic  wrap. 


Questions 
1. 


Was  there  a  change  in  the  number  and/or  kinds  of  microorganisms  in  the 
"polluted"  water? 


2.  How  would  you  prove  that  it  was  due  to  the  phosphate? 

3.  What  would  happen  if  you  used  a  solution  of  fertilizer  instead  of  detergent? 

4.  Do  you  think  the  results  would  have  been  different  if  you  had  put  some  soil 
in  the  bottom  of  the  beakers? 

5.  Were  there  changes  in  the  number  and  kinds  of  microorganisms  in  the  pond  water 
without  added  phosphate?  Why? 

Additional  Activities 

1.  Measure  the  phosphate  content  of  streams  or  ponds  nearby. 

2.  Try  different  kinds  and  concentrations  of  fertilizers  and  detergents  in  these 
three  activities. 
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THE  EFFECT  OF  SMOKE  AND  EXHAUST  ON  PLANT  GROWTH 


(Ann  L.  Abeles,  Assistant  Professor,  Science  Department, 
Frederick  Community  College,  Frederick,  Maryland) 


Air  pollution  costs  Americans  at  least  $500  million  a  year  in  damaged  plants. 
Some  of  the  important  air  pollutants  are  sulfur  dioxide,  nitrogen  oxides,  carbon 
monoxide,  ozone,  peroxyacetyl  nitrates  (PAN),  hydrogen  chloride,  chlorine,  pesti- 
cides, and  hydrocarbons  such  as  ethylene. 

The  effects  of  air  pollution  on  plants  were  first  studied  during  the  mid- 
nineteenth  century.  The  first  pollutants  to  be  investigated  were  sulphur  dioxide, 
chlorine,  and  ethylene.  At  that  time  plant  injury  from  ethylene  was  caused  by 
leaking  of  illuminating  gas. 

Since  then  the  development  of  automobiles  and  the  tremendous  increase  in  their 
number  have  resulted  in  automobile  exhaust  becoming  an  important  source  of  air 
pollution.  In  addition  to  carbon  monoxide,  nitrogen  oxides,  lead  oxides,  and  ozone, 
automobile  exhaust  emits  large  quantities  of  ethylene  into  the  air.  Automobile 
exhaust  contains  500  parts  per  million  (500  ppm)  of  ethylene.  In  fact,  an  idling  car 
produces  enough  ethylene  in  one  minute  to  defoliate  a  full-grown  tree  if  the  exhaust 
could  be  contained.  The  concentration  of  ethylene  in  exhaust  is  far  greater  than  is 
that  of  the  other  plant-damaging  constituents  of  exhaust.  Carbon  monoxide  concen- 
tration in  exhaust  is  100  ppm;  and  nitrogen  dioxide,  0.1  ppm.  Comparison  of  the  air 
in  rural  areas  (0.005  to  0.001  ppm  ethylene)  with  air  around  highways  (0.01  to  0.10 
ppm  ethylene)  and  in  shopping  centres  (0.05  ppm  ethylene)  shows  that  ethylene  air 
pollution  in  cities  is  important.  Burning  plant  material  also  produces  ethylene. 
For  example,  cigarette  smoke  contains  500  to  1,000  ppm  ethylene. 

Ethylene  is  a  gas  with  the  chemical  formula  CHp=CH2.  It  is  a  plant  hormone, 
and,  therefore,  ethylene  air  pollution  has  many  effects  on  plant  growth  and  develop- 
ment. Concentrations  as  low  as  0.07  to  0.20  ppm  can  affect  plant  growth. 

Ethylene  causes  such  effects  as  inhibition  of  growth,  formation  of  roots  along 
stems  and  leaves  (adventitious  roots),  formation  of  moisture  droplets  on  the  leaves 
and  stems  (guttation),  drooping  or  curling  down  of  leaves  (epinasty),  wilting  and 
early  death  of  flowers,  and  leaf  fall  (abscission).  The  major  economic  loss  caused 
by  high  ethylene  levels  in  our  cities  is  damage  to  flowers. 

The  purpose  of  the  following  activities,  developed  with  the  co-operation  of  the 
U.S.  Department  of  Agriculture,  is  to  compare  the  effects  of  ethylene  from  an  apple, 
from  auto  exhaust,  and  from  cigarette  smoke  on  bean  plants. 

These  activities  are  intended  for  secondary  school  students;  however,  they  can 
be  used  for  primary  students  if  more  time  is  spent  introducing  the  material.  Since 
the  use  of  a  solution  of  potassium  permanganate  makes  the  experiment  more  compli- 
cated, you  may  wish  to  eliminate  this  part  with  younger  students. 


Some  words  of  caution  must  be  added.  The  collection  of  the  automobile  exhaust  and 
cigarette  smoke  must  be  done  under  a  teacher's  supervision.  Also,  at  least  two 
adults  should  be  present  with  young  students  during  the  collection  of  exhaust, 
because  of  the  danger  near  running  automobiles. 

Materials 


36  to  40  bean  seeds  of  any  garden 
variety,  such  as  string  beans, 
lima,  pinto 

8  to  10  pots,  about  4-inch  diameter. 
Enough  sterile  soil  to  fill 
the  pots,  or  use  vermiculite  or 
perlite  and  fertilizer 

8  large  clear  plastic  bags,  25  to 
26  inches  tall  by  16  to  18 
inches  wide 

24  sticks,  12  to  15  inches  tall 

8  wire  ties 

2  ripe  eating  apples 

2  cigarettes 

200  ml  of  a  5  per  cent  solution  of 
potassium  permanganate  (10  g 
potassium  permanganate  dis- 
solved in  200  ml  water) 


1  glass  container  which  will  hold 

at  lease  300  ml  and  has  a  cover 
1  graduted  cylinder,  100  ml 
4  plastic  dishes  (empty  cottage 

cheese  or  butter  tubs)  12  oz. 

size 
4  circles  of  filter  paper  or  very 

heavy  paper  towel,  at  least  15 

cm  in  diameter 
1  balance,  suitable  for  measuring 

to  the  nearest  gram 
1  rubber  aspirator  bulb 
1  or  2  short  pieces  of  tubing 

which  will  fit  the  bulb  and 

cigarettes 


Method 

1.  About  two  weeks  before  you  plan  to  do  the  experiment,  plant  the  beans  as 
follows: 

a.  Fill  the  pots  about  three- fourths  full  of  soil  or  vermiculite.  Water 
thoroughly  with  room  temperature  water.  Evenly  space  four  beans  on  top  of 
the  soil  and  cover  lightly  with  about  %  inch  of  dry  soil.  Pat  down  the 
soil  lightly. 

b.  Place  the  pots  in  good  light  and  keep  moist  with  room  temperature  water  but 
do  not  overwater. 

c.  Keep  the  plants  above  65°F. 

2.  When  the  plants  are  about  two  weeks  old,  water  thoroughly.  Thin  the  plants  so 
that  there  is  one  plant  to  a  pot.  Thin  by  cutting  off  the  extra  plants  near  the 
soil . 

3.  Weigh  10  g  of  the  potassium  permanganate  and  dissolve  it  in  200  ml  distilled 
water  in  the  covered  glass  container.  Do  not  spill  the  permanganate  solution  as 
it  will  stain  anything  it  contacts.  Do  not  drink  1t. 

4.  Make  a  smoking  machine  by  hooking  the  cigarette  to  the  tubing  and  to  the 
aspirator  bulb. 

5.  Number  the  pots  1  through  8.  Try  to  pair  the  plants  so  that  1  and  2  are  similar 
to  each  other  in  height  and  leaf  size,  plants  3  and  4  are  similar,  etc. 
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6.  Put  each  plant  into  one  of  the  plastic  bags,  and  arrange  three  sticks  in  the 
pots  to  support  the  bags  so  they  do  not  crush  the  plants.  All  the  bags  should 
close  at  the  top  except  those  around  plants  7  and  8,  which  should  close  at  the 
bottom. 

7.  Fold  the  circles  of  paper  in  half  and  pleat  them  like  fans.  Open  each  into  a 
loose  cone  and  place  tip  down  in  the  plastic  dishes. 

8.   Put  the  following  items  in  the  bags  with  the  plants: 

Plant  1  -  nothing 

Plant  2  -  plastic  dish  with  paper  cone 

Plant  3-1  apple 

Plant  4-1  apple  and  a  plastic  dish  with  a  paper  cone 

Plant  5  -  nothing 

Plant  6  -  plastic  dish  with  paper  cone 

Plant  7  -  nothing 

Plant  8  -  plastic  dish  with  paper  cone 

9    Pour  about  50  ml  (about  h  cup)  of  the  potassium  permanganate  solution  into  each 
of  the  cones  in  the  plastic  dishes.  The  solution  should  creep  up  the  sides  of 
the  paper  to  give  a  large  surface  area  to  absorb  and  oxidize  the  ethylene. 

10.  Close  the  bags  with  plants  1  through  4  and  tie  tightly  with  the  wire  ties. 
NOTE:  The  next  two  steps  involve  the  collection  of  the  smoke  and  exhaust  and 
must  be  done  under  the  teacher's  supervision. 

11   In  order  to  collect  automobile  exhaust  you  will  need  at  least  two  people.  Use 
caution  around  the  car  and  do  not  work  1n  an  enclosed  area.  One  person  should 
support  the  plant  and  the  dish  of  permanganate  solution  in  the  bag.  These 
should  be  held  about  two  feet  away  from  the  end  of  the  tail  pipe.  While  the  car 
is  idling,  he  should  hold  open  the  bag  so  that  the  exhaust  blows  into  it  for 
about  five  seconds.     The  opening  of  the  bag  should  be  at  least  a  foot  away  from 
the  end  of  the  tail  pipe  so  as  to  avoid  burning  the  student  or  the  plant. 
NOTE:  You  will  have  less  trouble  with  heat  if  the  car  is  started  while  its  motor 
is  cold.  You  may  need  to  tip  the  plant  and  bag  in  order  to  aim  the  opening  at 
the  pipe.  Be  careful  not  to  spill  the  permanganate  solution. 

12.  After  collecting  the  exhaust  in  bags  5  and  6,  close  the  bags  and  tie  with  the 
wires. 

13.  Mark  off  3  cm  on  each  cigarette.  Attach  the  tubing  and  rubber  bulb  to  the  end 
of  the  cigarette  5  or  6  cm  away  from  your  mark. 

14.  Hold  the  cigarette  below  the  opening  of  bag  7  so  that  the  smoke  will  rise  into 
the  bag.  Light  the  cigarette  and  slowly  squeeze  and  release  the  bulb  in  order- 
to  "smoke"  the  cigarette.  Allow  3  cm  of  the  cigarette  to  burn,  then  close  and 
tie  the  bag.  Be  careful  not  to  burn  your  fingers  or  the  bag. 

15.  Repeat  step  14  with  plant  8,  being  careful  not  to  spill  the  potassium  per- 
manganate. 

16.  Place  all  the  plants  in  indirect  light,  at  room  temperature,  for  two  to  three 
days. 

17   Each  day  examine  the  plants  and  record  any  changes  in  a  notebook.  Look  for 
such  things  as  drooping  leaves,  and  yellow  or  lost  leaves.  After  three  days 
remove  the  plants  from  the  bags  and  carefully  describe  the  condition  of  each 
plant. 


Questions 

What  effects  did  the  apple,  exhaust,  and  smoke  have  on  the  plants? 

Did  the  presence  of  the  potassium  permanganate  solution  affect  the  plants? 

Does  it  appear  that  ethylene  is  an  important  component  of  exhaust  or  smoke?  You 
should  compare  the  appearance  of  the  plants  treated  with  ethylene  from  the  apples 
with  those  treated  with  smoke  and  exhaust.  You  should  also  note  whether  some  of 
these  same  effects  are  lessened  or  missing  in  the  plants  exposed  to  the  potassium 
permanganate  solution. 

Additional  Activities 

Try  other  kinds  of  smoke,  or  vary  the  lengths  of  time  for  collecting  the  smoke. 

Try  other  kinds  of  plants,  especially  flowers  such  as  carnations  or  snapdragons 
if  you  can  obtain  them. 
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SNOWMOBILES:  ACTIVITIES  TO  ASSESS  THEIR  IMPACT 
ON  THE  WINTER  ENVIRONMENT 


We  have  loosed  a  mechanical  creature  upon  our  winter  landscape  which  weighs 
from  215  to  650  pounds  and  has  the  strength  of  from  nine  to  eighty  horses. 

This  mechanical  creature  is  changing  --  a  look  at  the  near  future  sees  him 
with  a  larger  and  heavier  stature  and  even  more  power.  His  evolution  is  also 
freeing  him  from  his  restriction  to  snow-covered  areas.  He  will  soon  be  found 
year-round  with  wheel  attachments  for  easy  conversion  to  dry  land  use. 

The  following  studies  are  designed  to  reveal  the  environmental  impact  of  this 
creature  --  the  snowmobile. 

Select  trails  in  an  easily  accessible  area.  Some  effort  should  be  made  to 
categorize  the  study  trails  with  respect  to  age  or  use.  Differentiation  might  be 
simply  "heavily  trafficked",  "lightly  trafficked",  and  "one  time  use  .  The  one 
time  use"  trail  should  be  made  by  the  investigators  and  used  for  comparison  purposes 

A  more  controlled  study  might  involve  setting  up  a  monitoring  system  to 
establish  an  average  number  of  snowmobile  uses  per  day.  If  a  counting  device  can  t 
be  constructed  or  obtained,  a  few  hours  spent  actually  counting  machines  at  various 
times  during  the  day  could  be  completed  and  per  day  data  estimated  from  these 
sample  counts. 

Snow  Compaction  Study 

1   Depth  of  Snow  --  Snow  depth  on  snowmobile  trails  compared  with  depth  on  un- 
packed snow  can  be  used  as  an  indicator  of  snow  compaction.  A  yard  stick  or,  even 
better,  a  sharpened  lath  marked  in  intervals  will  suffice  as  a  measuring  device. 
Compute  average  of  several  measurements;  consider  differences  in  snow  compaction  at 
points  on  the  trail  where  the  machine's  power  is  increased  or  decreased,  i.e., 
corners  and  hills. 
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Yard  stick  or  sharpened  lath  marked 
in  intervals  can  serve  as  a  device 
for  measuring  snow  depth. 
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2.  Water  Content  --  Compacted  snow  will  contain  more  water  per  unit  volume  than 
its  non-compacted  neighbor.  To  determine  water  content,  take  snow  samples  in  a 
certain  volume  size  container,  allow  it  to  melt  and  compare  quantities  of  water. 

Soup  cans  cut  out  at  both  ends  work  well  for  taking  samples.  Shove  the  can 
into  the  snow  until  the  snow  is  level  with  the  rim  of  the  can.  A  ruler  or  thin 
piece  of  wood  can  be  used  to  slice  along  the  lower  rim. 

3.  Insulation  —  As  snow  becomes  more  and  more  compacted,  its  ability  to  insulate 
is  altered.  Fairly  sensitive  thermometers  should  be  used  for  their  investigation. 
Take  temperature  reading  at  various  levels  in  the  snow,  i.e.,  surface,  1/3  depth, 
2/3  depth,  and  ground  surface.  If  you  have  a  soil  auger,  continue  your  readings  as 
far  as  possible  into  the  soil.  Can  you  determine  frost  depth  in  the  soil? 

Always  compare  trail  readings  with  readings  taken  away  from  the  trail.  Always 
record  air  temperature.  Again,  variability  in  the  trail  might  be  studied;  i.e., 
hills,  curves,  etc. 

Biotic  Impact 

1.  Woody  Vegetation  --  The  quantity  and  quality  of  vegetation  damage  can  be 
investigated.  Establish  percentage  of  damaged  branches  for  bushes  and  young  trees 
in  the  trail.  Qualify  this  data  by  collecting  and  interpreting  it  in  terms  of  type 
of  damage  done,  i.e.,  skinned  bark,  branch  broken  off,  branch  cracked,  etc. 

2.  Leaf  Litter  --  The  effect  on  leaf  litter  is  approached  from  two  directions: 
(a)  what  is  the  physical  character  of  the  litter,  and  (b)  what  is  the  biotic  poten- 
tial. Leaf  litter  samples  must  be  gathered  from  several  points  along  the  trail  and 
compared  with  litter  gathered  from  adjacent  non-compacted  points.  Take  samples 
that  include  soil  material. 

The  physical  character  observations  might  include:  "Is  the  litter  frozen  in  a 
clump  or  loose  and  light?  Are  there  ice  crystals  in  the  litter?  Does  the  trail 
sample  differ  from  the  adjacent  sample  in  the  leaf  particle  size? 

Samples  should  be  taken  back  to  the  classroom  and  kept  moist  in  a  container  in 
the  sunlight.  Sort  through  the  litter  periodically.  Do  any  insects,  spiders,  sow 
bugs,  worms,  and  snails  appear?  Do  any  seedlings  sprout?  If  some  are  there  any 
differences  between  the  quantity  or  type  of  living  material  between  the  samples? 

3.  Small  Mammal  Impact  --  During  certain  spring  thaw  conditions  field  mice 
runways  are  readily  visible.  By  roping  off  an  area,  a  simple  grid  map  can  be  made 
of  these  surface  runways  and  their  contents.  It  is  a  fun  and  fascinating  activity. 

Students  should  have  trowels  or  sticks  for  lifting  off  the  snow  crust  and 
plastic  bags  for  collecting  scats  or  other  interesting  things  that  might  be  present 
in  nests,  runways,  or  storage  chambers.  Students  must  work  carefully  and  slowly 
from  one  section  of  the  plot  to  the  next. 

As  a  comparison,  locate  a  similar  type  of  field  which  has  been  heavily  used  by 
snowmobiles.  Try  to  conduct  the  same  investigation  and  compare  results. 

After  studies  such  as  these,  young  people  will  still  use  the  snowmobile.  The 
excitement,  thrill,  and  human  companionship  of  snowmobiling  will  still  be  there. 
However,  they  might  use  them  with  more  caution.  They  might  also  be  more  receptive 
to  future  snowmobile  regulations  designed  to  protect  the  environment. 
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Learning  To  Live:     A  Manual   of  Environmental   Education  Activities ,    the  Minnesota 
Department  of  Natural  Resources,  pp.    9-11. 
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ABOUT  AIR  POLLUTANTS:  THEIR  CHEMICAL  PROPERTIES 


The  following  is  a  description  of  the  major  air  pollutants 
parentage,  and  their  behaviour. 

SULPHUR  AND  ITS  COMPOUNDS 


•-  their  birth,  their 


sulphur   (chemical  symbol  —  S^  whose  oxides  are   a  major  reason  for  many  cities' 
pollution  troubles,  is  itself  a  nonmetallic  element  found  in  nature  either  free 
or  combined  with  other  elements.  It  is  almost  invariably  present  as  an  impurity 
in  the  coal  and  fuel  oil  that  are  basic  to  most  combustion  processes. 

sulphur  Oxides.  When  fuels  containing  sulphur  are  burned,  the  sulphur  joins  with 
the  oxygen  of  the  air,   and  gaseous  oxides  of  sulphur  are  by-products.  Fuel  com- 
bustion is  the  major  source  of  the  polluting  sulphur  oxides,  although  they  are 
also  produced  in  chemical  plants  and,  to  a  lesser  degree,  by  processing  metals 
and  burning  trash. 

The  major  oxide  of  sulphur  that  is  produced  in  combustion  is  sulphur  dioxide   (SO2), 
a  heavy,  pungent,  :olorless  gas  that  combines  easily  with  water  vapor  to  become 
sulphurous  acia   (H2SO3),  a  colorless  liquid.  Sulphurous  acid,  mildly  corrosive, 
is  used  as  a  bleaching  agent  in  industry,  as  a  pollutant,  it  can  perform  the  gra- 
tuitous task  of  adding  yellow  spots  to  the  paint  on  your  automobile.  It  joins 
easily  with  the  oxygen  in  the  ai'  to  become  the  even  more  corrosive,  irritating 
mist  sulphuric  acid    1H2SO4). 

Sulphuric  acid  can  also  be  reached  by  a  different  route.  Sulphur  dioxide  can  be 
oxidized   —  that  is,  changed  chemically  by  combining  with  oxygen  —  to  sulphur 
trioxide   (SO3),  whi^h  can  be  a  colorless  liquid  or  a  white  solid  aerosol.  Sulphur 
trioxide  is  a  likely  product  when  rombus^on  takes  place  with  excess  oxygen.  The 
change  is  abetted  by  the  catalytic  action  of  some  of  the  ash  residue,  expecially 
the  iron  oxides  that  fonr  on  boiler  tubes  and  walls. 

As  sulphur  dioxide  'eaves  the  smoke  stack,  it  is  usually  diffused  rapidly,  so 
that  oxidation  to  sulphur  trioxide  takes  place  rather  slowly.  But,  with  time, 
sulphur  tn  *ide  can  build  up  substantially,  and  it  reacts  very  quickly  with 
water  vapor  anc,  becomes  --  sulphuric  acid. 

Sulphur  oxides  can  yellow  the  leaves  of  plants,  dissolve  marble,  and  eat  away 
iron  and  steel.  They  can  limit  visibility  and  cut  down  the  light  from  the  sun. 
And  though  sulphur  oxides  alone  may  have  only  an  irritant  effect  on  man's  breathing, 
sulphuric  acid  and  particulate  sulphates  --  compounds  resulting  from  the  reaction 
of  sulphurir  acid  with  a  metal  or  an  alcohol  --  appear  able  to  do  significant  dam- 
age to  the  respiratory  system. 

Other  Sulphur  tompounds.  There  are  other  undesirable  sulphur  compounds.  Hydrogen 
sulphide  gas   (M2S)  carries  the  foul  smell  of  rotten  eggs.  And  a  group  of  gases 
called  mercaptans   have  such  unpleasant  odours  as  garlic,  onions,  skunk,  or  decayed 
garbage  --  even  at  low  concentrations.  These  gases  are  familiar  by-products  of, 
among  other  things,  petroleum  refining,  kraft  pulping  for  paper  production,  and 
various  chemical  processes. 


In  addition  to  giving  off  the  noisome  odour,  hydrogen  sulphide  can  tarnish  the 
housewife's  silverware  and  copper  bowls.  And  by  darkening  the  lead  in  paint,  it 
can  ruin  the  exterior  of  her  home.  But  at  least  there  is  rarely  enough  hydrogen 
sulphide  in  the  air  to  harm  either  vegetation  or  man. 

CARBON  AND  CARBON  OXIDES 

carbon   (C)  is  a  nonmetallic  element  found  either  in  its  pure  state  or  as  a  consti- 
tuent of  coal,  petroleum,  limestone,  and  other  organic  and  inorganic  compounds. 
(The  term  organic   is  used  to  describe  most  carbon-containing  compounds.)  Carbon 
is  widely  used  as  a  fuel  constituent,  and  the  combustion  process  gives  off  a  great 
deal  of  it,  either  as  unburned  or  partly  burned  particles  or  as  carbon  monoxide 
or  carbon  dioxide. 

Soot.  Carbon  particulate  matter,  a  product  of  incomplete  combustion,  is  known  as 
soot.     One  of  the  most  prevalent  of  solid  pollutants,  it  is  made  up  of  very  finely 
divided  carbon  particles  clustered  together  into  long  chains.  Because  they  are  so 
fine,  the  particles  have  an  exceptionally  broad  surface  in  proportion  to  their 
weight.  It  is  a  very  active  surface,  too,  and  attracts  a  great  variety  of  chemi- 
cals from  the  air  around  it. 

The  ability  to  attract  other  substances  makes  soot  not  only  prevalent  but  danger- 
ous. Certain  hydrocarbons  that  are  known  to  produce  cancer  in  animals  can  be 
absorbed   on  --  that  is,  attached  to  the  surface  of  —  soot  particles  and  ride  with 
them  from  the  scene  of  combustion  into  the  atmosphere.  And  many  soot  particles 
are  small  enough  to  carry  their  dangerous  burden  deep  into  the  human  lung. 

Carbon  Monoxide.  Another  product  of  incomplete  combustion  is  carbon  monoxide 
(CO),  a  colorless,  odourless  gas.  Large  amounts  can  be  fatal.  Lesser  amounts 
can  produce  fatigue,  headache,  confusion,  and  dizziness. 

The  effects  of  this  gas  in  urban  air  are  uncertain.  In  the  laboratory,  an  eight- 
hour  exposure  to  10-15  ppm  impairs  the  ability  to  judge  time  intervals.  At  30  ppm, 
vision  and  physical  responses  are  affected.  Under  actual  driving  conditions  it  is 
likely  that  people  can  compensate  for  some  of  these  effects  by  increased  attention. 
For  those  with  heart  disease,  however,  even  these  levels  can  be  harmful,  because 
the  blood  prefers  carbon  monoxide  to  oxygen,  and  the  heart  has  to  pump  harder  to 
get  enough  oxygen  to  the  body.  A  recent  survey  on  15  American  cities  found  that 
people  in  moving  vehicles  in  heavy  traffic  are  at  times  subject  to  sustained  levels 
of  50  ppm  of  carbon  monoxide. 

Atmospheric  levels  of  carbon  monoxide  do  not  appear  to  have  any  adverse  effects  on 
vegetation  or  materials. 

Carbon  Dioxide.  It  is  when  combustion  is  complete  that  carbon  dioxide  (C02)  --  a 
heavy,  colorless,  odourless  gas  --  is  formed.  It  is  also  formed  in  nature  by  the 
decomposition  of  organic  substances,  and  it  is  absorbed  from  the  air  by  plants  in 
photosynthesis. 

Carbon  dioxide  is  not  normally  considered  an  air  pollutant,  because  it  plays  a 
necessary  part  in  life  processes.  Even  the  rising  amounts  produced  by  man's 
activities  are  far  from  enough  to  endanger  him. 

But  carbon  dioxide  does  have  its  effects.   In  the  presence  of  moisture  it  converts 
to  carbonic  acid  and  erodes  stone.   It  is  partially  responsible  for  the  corrosion 
of  magnesium  and  perhaps  of  other  structural  metals  as  well.  And  it  is  believed 
that  the  huge  amounts  of  carbon  dioxide  emitted  each  day  are  very  slowly  heating 
the  earth's  atmosphere.  In  time,  some  scientists  fear,  this  scarcely  perceptible 
rise  in  temperature  may  cause  the  partial  melting  of  the  polar  icecaps.  The 
ensuing  floods  could  wipe  out  man's  world. 
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HYDROCARBONS 

Hydrocarbons  are  a  class  of  compounds  containing  carbon  and  hydrogen  in  various 
combinations.  They  are  found  especially  in  petroleum,  natural  gas,  and  coal. 
Some  are  gaseous,  some  liquid,  some  solid,  and  all  in  all  they  make  up  a  vast 
family  of  chemicals.  There  are,  in  fact,  over  a  thousand  hydrocarbon  compounds. 

Most  of  these  compounds,  luckily  for  man,  are  harmful  only  in  very  high  concen- 
trations. A  few  may  be  very  harmful  indeed,  however,  and  need  to  be  examined 
with  a  suspicious  eye. 

Two  groups  of  hydrocarbon  compounds  seem  to  be  of  the  greatest  importance  in 
pollution  —  (1)  the  olefin  or  ethylene  series  and  (2)  the  aromatic,  benzenoid, 
or  benzene  series. 

Olefins.  The  olefins  are  a  group  of  unsaturated  hydrocarbons,  {unsaturated 
compounds  react  easily  with  other  chemicals.)  Most  olefins  appear  to  have  no 
direct  effect  on  animal  life,  although  some  cause  a  general  reduction  in  plant 
growth  and  a  drying  out  of  orchid  sepals.  In  addition,  olefins  take  part  in  the 
photochemical  reaction  along  with  nitrogen  oxides  and  several  other  classes  of 
compounds.  The  deleterious  effects  of  those  reactions  are  catalogued  later  in 
this  fact  sheet. 

Aromatics.  Included  in  the  aromatics   are  a  number  of  compounds  believed  or  known 
to  be  carcinogenic   (cancer-producing) .  The  most  potent  of  them  is  benzpyrene 
(often  written  benzo(a)pyrene   or  3,  4  benzpyrene).  A  primary  source  of  these 
carcinogens  is  the  incomplete  combustion  of  organic  materials. 

In  fact,  most  polluting  hydrocarbons,  not  just  the  carcinogens  but  other  aroma- 
tics and  olefins  as  well,  are  discharged  into  the  air  by  incomplete  combustion. 
And  the  major  source  of  this  kind  of  contamination  is  the  burning  of  gasoline  in 
automobiles. 

Hydrocarbons  can  also  be  released  into  the  atmosphere  by  evaporation.  The  oil  in- 
dustry encompasses  many  operations  that  produce  hydrocarbon  vapors;  among  them  are 
cracking   (the  chemical  decomposition  of  oil  under  intense  heat),  gasoline  storage, 
and  tank  truck  filling.  Nor  are  refineries  the  only  villains.  Alcohols,  ethers, 
and  paint  and  lacquer  thinners  are  constant  vapor  emitters.  Some  hydrocarbon 
vapors  have  objectionable  odours;  some  can  probably  take  part  in  photochemical  re- 
actions; most  are  poisonous.  But  concentrations  are  unlikely  to  stay  in  the  at- 
mosphere long  enough  to  be  poisonous.  At  this  point  in  our  knowledge,  combustion 
seems  to  be  a  greater  threat  than  evaporation. 

NITROGEN  OXIDES 

Nitrogen   (N)  itself  is  a  colorless,  tasteless,  odourless  gas  that  constitutes  78 
per  cent  of  our  atmosphere.  In  spite  of  its  general  benignancy,  however,  some 
of  its  oxides  give  us  trouble. 

There  are  a  number  of  oxides  of  nitrogen,  but  only  two  are  considered  pollutants 
—  nitric  oxide  and  nitrogen  dioxide.  These  have  been  called  status  symbol  or 
jet-age  pollutants,  because,  ironically,  only  a  highly  advanced  country  is  likely 
to  suffer  seriously  from  them. 

Nitric  Oxide.  The  colorless,  somewhat  toxic  gas  nitric  oxide   (NO)  is  formed  when 
combustion  takes  place  at  a  high  enough  temperature  to  cause  a  reaction  between 
the  nitrogen  and  oxygen  of  the  air.  Temperatures  this  high  are  reached  only  in 
efficient  combustion  processes  or  when  combustion  takes  place  at  high  pressure. 
So  nitric  oxide  is  formed  primarily  in  automobile  cylinders,  electric  power  plants, 
and  other  very  large  energy-conversion  processes. 
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In  most  cities,  our  familiar  foe,  the  automobile,  is  the  largest  single  source 
of  this  compound.  The  nitric  oxide  formed  at  the  high  temperatures  of  the 
cylinder  air  moves  so  rapidly  to  the  cooler  exhaust  pipe  that  it  is  prevented 
from  decomposing  back  to  nitrogen  and  oxygen,  as  it  would  if  cooling  were  slower. 

Nitrogen  Dioxide.  Nitric  oxide,  relatively  harmless,  is  the  form  generally 
emitted  into  the  atmosphere.  But  varying  amounts  of  nitric  oxide  are  converted 
to  nitrogen  dioxide   (NO2),  which  is  a  considerably  more  poisonous  gas. 

The  oxidation  of  nitric  oxide  to  nitrogen  dioxide  is  very  rapid  at  high  concen- 
trations in  air,  but  it  is  slow  at  low  concentrations  except  in  the  presence  of 
hydrocarbons  and  sunlight.  For  example,  though  more  nitric  oxide  is  formed  in 
Chicago  than  in  San  Francisco,  the  California  sunlight  results  in  San  Francisco's 
having  more  nitrogen  dioxide  than  Chicago. 

Since  nitrogen  dioxide  is  formed  so  readily  by  photochemical  action,  it  is  usually 
thought  of  as  a  product  of  the  photochemical  process.  But  actually  it  may  be 
formed  whenever  nitric  oxide  is  a  by-product  of  sufficiently  high  burning  tempera- 
tures, with  or  without  photochemical  action.  And  it  is  also  a  product  or  by- 
product of  a  number  of  industries,  including  fertilizer  and  explosive  manufac- 
turing. 

Nitrogen  dioxide  is  the  only  important  and  widespread  pollutant  gas  that  is  colored 
--  yellow-brown.  As  a  result,  it  can  significantly  affect  visibility.  In  addition, 
it  has  a  pungent,  sweetish  odour  that  is  detectable  at  one  to  three  parts  per 
million  --  a  level  sometimes  reached  in  polluted  air. 

Prolonged  exposure  to  nitrogen  dioxide,  even  at  ordinary  concentrations,  is  prob- 
ably harmful  to  the  lungs.  A  study  of  second-grade  school  children  in  Chattanooga 
showed  that  the  breathing  ability  of  those  who  lived  in  an  area  of  high  nitrogen 
dioxide  --  comparable  to  Chicago's  --  was  signficantly  lower  than  that  of  chil- 
dren living  in  areas  where  the  pollutant  level  was  low.  Tests  with  rabbits, 
furthermore,  show  that  continuous  exposure  to  nitrogen  oxides,  in  concentrations 
equivalent  to  those  found  on  Los  Angeles  freeways,  severely  diminishes  the  oxy- 
gen-carrying capacity  of  the  bloodstream. 

Nitrogen  dioxide  can  also  harm  vegetation,  both  visibly  and  by  inhibiting  growth. 
And,  with  water  vapor,  it  becomes  metal -corroding  nitric  acid  (HNO3). 

FLUORIDES 

Fluorine   (F),  a  gas,  is  never  found  in  its  pure  state  in  nature.  Fluoride  com- 
pounds, however,  occur  in  vegetation  and  in  most  ores,  clays,  and  soils,  in  small 
or  large  amounts. 

Fluorides  may  be  either  gaseous  or  solid  emissions  of  such  industrial  processes 
as  the  manufacture  of  fertilizer  and  aluminum,  iron  ore  smelting,  and  ceramics 
production.  The  aluminum  and  fertilizer  industries  have  been  having  fluoride 
problems  since  they  came  into  being. 

Airborne  fluorides  can  damage  vegetation.  Furthermore,  some  plants  can  concen- 
trate and  accumulate  these  fluorides,  and  then  livestock  eating  the  plants  as 
forage  can  become  ill.  The  result  is  that,  although  there  is  usually  not  enough 
fluoride  in  the  air  to  harm  the  farm  animals  that  breathe  it,  continued  fluoride 
pollution,  even  at  low  levels,  can  build  up  and  poison  their  food. 
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Fluorides  ingested  at  low  levels  are  good  for  the  bones  and  teeth  of  both  animals 
and  man.  That's  why  public  water  supplies  are  often  fluoridated.  There  is  some 
question,  however,  as  to  whether  man's  total  intake  of  fluorides  from  food,  in- 
halation, and  fluoridated  water  in  unforeseeable  amounts  will  not  have  adverse 
effects  on  his  health.  At  any  rate,  close  to  an  industrial  source  of  fluoride 
pollution,  man  may  be  subject  to  eye  and  skin  irritation,  inflammation  of  the 
respiratory  tract,  and  breathing  difficulty. 

THE  PRODUCTS  OF  PHOTOCHEMISTRY 

The  numerous  references  to  photochemical  reactions  indicate  the  extent  of  this 
polluting  smog.  Once  it  was  thought  to  concern  only  Los  Angeles;  now  it  is  seen 
dimming  the  skies  over  city  after  city  across  the  country. 

In  general,  one  or  more  smog  products,  either  alone  or  in  even  more  potent  com- 
binations, can  cause  eye  irritation,  breathing  difficulty,  vegetation  damage,  de- 
terioration of  materials,  and  decreased  visibility. 

The  contribution  of  every  participating  chemical  has  not  yet  been  explained,  and  ■ 
some  chemical  reactions  are  probably  still  unknown.  But  some  of  the  actors  in 
this  too-frequent  performance  are   recognized. 

Oxidant.  One  actor  --  the  star,  in  fact  --  is  oxidant.     This  is  a  term  used  by 
many  air  pollution  control  people  in  two  ways:  One  describes  the  capacity  of 
certain  oxygen-containing  substances  to  react  chemically  in  polluted  air  to  form 
new  products.  In  this  sense,  oxidant  is  a  measure  used  to  determine  how  much 
smog  formation  is  going  on.  The  other  way  the  term  is  used  is  to  describe  the 
chemical  substances  that  make  oxygen  available  for  this  reaction. 

Rightfully,  any  oxygen-bearing  compound  --  such  as  nitrogen  dioxide  —  that  takes 
part  in  the  photochemical  reaction  deserves  the  name  of  oxidant.  But  ozone  is 
the  chemical  whose  name  is  used  almost  interchangeably  with  oxidant.  This  is  be- 
cause ozone  is  an  early  and  continuing  product  of  the  photochemical  smog  reaction, 
and  the  presence  of  ozone  in  the  air  assures  the  continuation  of  the  oxidizing 
process.  For  these  reasons,  ozone  is  the  chemical  whose  presence  is  used  to  mea- 
sure the  oxidant  level  of  the  atmosphere  at  any  time. 

Ozone.  As  we  said,  early  in  the  photochemical  process  ozone   (O3)  --  a  colorless, 
pungent  gas  —  is  formed.  Ozone  is  an  aiiotropic   form  of  oxygen.  This  means  that 
it  is  the  same  element  as  oxygen  and  will  react  chemically  to  form  the  same  com- 
pounds, but  its  composition  is  different:  A  molecule  of  ozone  consists  of  three 
atoms  of  oxygen  instead  of  two  as  in  ordinary  oxygen.  And,  quite  unlike  oxygen, 
ozone  can  cause  coughing,  choking,  headache,  and  severe  fatigue;  in  animal  studies, 
it  has  been  shown  to  lower  the  body's  resistance  to  infection;  it  can  damage  the 
leaves  of  plants;  and  it  can  crack  rubber,  deteriorate  fabrics,  and  fade  colors. 

PAN  and  Aldehydes.  Another  smog  product  often  mentioned  is  pan  —   short  for  per- 
oxgacyi   or  peroxyacetyl  nitrate.     Although  it  has  been  studied  for  only  a  few 
years,  it  is  known  to  make  the  eyes  burn  and  tear,  it  seems  to  have  the  same 
irritating  effect  on  the  lungs  as  ozone  and  other  oxidants,  and  it  can  damage 
plants. 

Still  another  group  of  photochemical  smog  products  chalked  up  against  the  auto- 
mobile are  the  aldehydes.     They  result  from  the  union  of  some  hydrocarbon  com- 
pounds with  oxygen.  They  are  colorless,  may  be  either  gaseous  or  liquid,  and 
have  a  suffocating,  pungent,  irritating  odour.  They,  too,  are  powerful  irritants 
of  the  eyes,  skin,  and  respiratory  tract. 
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